Abstract. A module M over a ring R is said to satisfy (accr) if the ascending chain of residuals of the form N.B C N: B2 C N: B* C ■■■ terminates for every submodule N and every finitely generated ideal B of R. A ring satisfies (accr) if it does as a module over itself. This class of rings and modules satisfies various properties of Noetherian rings and modules. For each of the following rings, we investigate a necessary and sufficient condition for the ring to satisfy (accr): polynomial rings, power series rings, valuation rings, and Priifer domains. We also prove that if R is a ring satisfying (accr), then every finitely generated /^-module satisfies (accr).
, Laskerian modules, modules over perfect rings, zero-dimensional rings, one-dimensional domains, etc. Rings and modules satisfying (accr) have been investigated in [11] . One of the most interesting facts about this class of rings and modules is that they enjoy various properties of Noetherian rings or modules. In particular, coherent rings satisfying (accr) behave like Zariski rings if they are equipped with certain ideal-adic topologies [11, Proposition 8 , Theorem 8, Corollary to Theorem 9] .
The purpose of this paper is to explore more rings and modules satisfying (accr), in particular, non-Noetherian coherent rings satisfying (accr). Firstly, for each of the following rings, we investigate a necessary and sufficient condition in order that the ring satisfies (accr): polynomial rings, power series rings, valuation rings, and Priifer domains. Secondly, we study finitely generated modules over rings satisfying (accr).
In §1 we discuss that a polynomial ring R[x] or a power series ring R[[x]] satisfies (accr) if and only if R is Noetherian (Theorem 2). In §2 we prove that a valuation ring satisfies (accr) if and only if fl^liC^") = (0) for every nonunit b of the ring (Theorem 3). This implies a series of corollaries. For example, we have that a Priifer domain D satisfies (accr) if and only if D has (Krull) dimension at most 1. Thus, every almost Dedekind domain satisfies (accr). It follows that every Priifer domain of dimension one is a coherent ring satisfying (accr) that is not necessarily Noetherian. The question asking whether every finitely generated /?-module satisfies (accr) if R satisfies (accr) has not been answered yet. In §3 we finally prove that the answer to the question is affirmative.
Every ring in this paper is commutative with identity and every module is unitary. For definitions not given in the paper the reader may refer to [11] .
1. Further properties of modules and rings that satisfy (accr)
In [11] various properties of modules and rings that satisfy (accr) were discussed. In this section, we investigate further properties of such modules and rings. We are also concerned about relationships between rings satisfying (accr) and other Noetherian-like rings.
Let F bea submodule of an /?-module M and T the set of all those submodules K of M that properly contain F. We say that F is sheltered if the intersection f]K€TK also properly contains F ( [13, p. 27] Let / be an ideal of a ring R and comp(/) be the set of prime ideals of R that are minimal over /.
i? is said to have FC if comp (7) is finite for every ideal / of R. Next, let S(I) denotes the set complement of U{p: p 6 comp(/)} in R. Then / is said to have finite ideal-length if the ring RS(i)/IRs{i) is an Artinian ring. R is said to have finite ideal-lengths if each ideal of R has finite ideal-length. It was shown in [3, Proposition 1.3, p. 2683] that R has finite ideal-lengths if and only if R has FC and satisfies the ACC for p-primary ideals for each prime ideal p of R. Following Beachy and Weakley [3] , we say that R is piecewise Noetherian if it has finite ideal-lengths and has the ACC on prime ideals. Clearly, every Noetherian ring is piecewise Noetherian and every piecewise Noetherian ring has Noetherian spectrum. Theorem 1. Let R be a ring such that each nonzero element of R belongs to only finitely many maximal ideals of R. Then R is Noetherian if and only if R is a piecewise Noetherian ring satisfying (accr). Proof. Suppose that R is a piecewise Noetherian ring satisfying (accr). Then every maximal ideal of R is finitely generated by [ A ring R is called a ZD-ring if the set of zero divisors on the i?-module R/A is a finite union of prime ideals for each ideal A of R. Clearly, every Laskerian ring is a ZD-ring. Heinzer and Ohm [9] proved that a polynomial ring R[x] is a ZD-ring if and only if R is Noetherian, and hence the conditions Noetherian, Strongly Laskerian, Laskerian, and ZD are equivalent in R [x] . Similarly, Gilmer and Heinzer [7] proved that a power series ring R (ii) the ideals of R are linearly ordered by inclusion; (iii) R is a quasi-local ring and every finitely generated ideal is principal.
We shall denote a valuation ring R with the maximal ideal m by (R, m). Proof. The equivalence of (1) (5) in Theorem 3. (2) implies (5) by [11, Theorem 6, p. 313] . To show that (5) implies (2), let p be a prime ideal properly contained in m and b e m -p. Then p C (bn) for each positive integer n so that p C O^L^b"). Since n^li(^") = (0) by Theorem 3, p = (0) and m is the only nonzero prime ideal of V. Hence, V has rank one. So (5) implies (2) We remark that, unlike the case of valuation domains, a Priifer domain having dimension at most one is not necessarily a Laskerian ring [6, Exercise 9,  p. 456].
An almost Dedekind domain is an integral domain D such that Dm is a Noetherian valuation domain for every maximal ideal m . Clearly, it is a Priifer domain having dimension at most one.
Corollary 4. Every almost Dedekind domain satisfies (accr).
In [11] it was shown that if a ring (resp. module) satisfying (accr) is equipped with an ideal-adic topology, then it satisfies some properties of a Noetherian topological ring (resp. module). In particular, if a coherent ring R satisfies (accr) and is equipped with a 5-adic topology, where B is a finitely generated ideal of R, then R behaves like a Zariski ring. More precisely, (i) the HausdorfF completion R* of R for the 5- 3. Finitely generated modules over rings satisfying (accr) Let R be a ring satisfying (accr) and M a finitely generated module over R. We shall prove that M also satisfies (accr). The proof is similar to that of the well-known fact "a finitely generated module over a Noetherian ring is Noetherian." Theorem 5. If a ring R satisfies (accr), then every finitely generated R-module satisfies (accr). Proof. By Theorem 4, a finitely generated free .R-module satisfies (accr). Every finitely generated .R-module is the homomorphic image of a finitely generated free .R-module. By Theorem 4 again, every finitely generated .R-module satisfies (accr). 
